We report on ≈0.35 (≈2kpc) resolution observations of the [C II] and dust continuum emission from five z > 6 quasar host -companion galaxy pairs obtained with the Atacama Large Millimeter/submillimeter Array. The [C II] emission is resolved in all galaxies, with physical extents of 3.2 − 5.4 kpc. The dust continuum is on-average 40% more compact, which results in larger [C II] deficits in the center of the galaxies. However, the measured [C II] deficits are fully consistent with those found at lower redshifts. Four of the galaxies show [C II] velocity fields that are consistent with ordered rotation, while the remaining six galaxies show no clear velocity gradient. All galaxies have high (∼80 − 200 km s −1 ) velocity dispersions, consistent with the interpretation that the interstellar medium (ISM) of these high redshift galaxies is turbulent. By fitting the galaxies with kinematic models, we estimate the dynamical mass of these systems, which range between (0.3 − >5.4) × 10 10 M . For the three closest separation galaxy pairs, we observe dust and [C II] emission from gas in between and surrounding the galaxies, which is an indication that tidal interactions are disturbing the gas in these systems. Although gas exchange in these tidal interactions could power luminous quasars, the existence of quasars in host galaxies without nearby companions suggests that tidal interactions are not the only viable method for fueling their active centers. These observations corroborate the assertion that accreting supermassive black holes do not substantially contribute to the [C II] and dust continuum emission of the quasar host galaxies, and showcase the diverse ISM properties of galaxies when the universe was less than one billion years old.
INTRODUCTION
One of the hallmarks of Λ cold dark matter (Λ-CDM) cosmology is the hierarchical formation of galaxies, whereby galaxies acquire their mass through a sequence of mergers and mass inflows (e.g., Kereš et al. 2005; Dekel et al. 2009 ). In this paradigm, mergers, in particular major mergers, are often attributed to be the dominant process that creates massive, quiescent galaxies (van der Wel et al. 2009 ).
Recent observations of massive, quiescent galaxies at high redshifts (z 3; e.g., Straatman et al. 2014; Glazebrook et al. 2017 ) therefore necessitates that a significant fraction of major mergers must have occurred at even higher redshifts (z > 6).
Such mergers are likely to occur in large galaxy overdensities, as the elevated density increases the likelihood of two galaxies interacting. This is also where one would expect to find the most luminous quasars, as luminous accreting supermassive black holes are hosted by massive galaxies (e.g., Targett et al. 2012) , and massive galaxies trace galaxy overdensities. It is therefore not surprising that, at low redshift, luminous quasars occur more frequently in merging galaxies (Hong et al. 2015) , especially since mergers could provide the fuel that triggers the quasar-phase of the supermassive black hole.
At z > 6, dependencies between luminous quasars and their environs are still debated. To study the environment of high redshift quasars, predominantly optical and nearinfrared imaging has been done (e.g., Kim et al. 2009; Bañados et al. 2013; McGreer et al. 2014; Goto et al. 2017; Mazzucchelli et al. 2017; Ota et al. 2018; Mazzucchelli et al. 2019) . Results from these studies are inconclusive, with some studies finding evidence for galaxy overdensities (e.g., García-Vergara et al. 2017) , while others find no overdensities or even underdensities (e.g., Uchiyama et al. 2018) around luminous quasars. This discrepancy is attributed to both the redshift uncertainty of the quasar as well as survey depths (see the discussion in Champagne et al. 2018) . Together with the intrinsic brightness of the quasar in the optical/near-infrared, studying the immediate surroundings of the quasar to detect, let alone spectroscopically confirm, any putative nearby galaxies remains extremely challenging, with only limited success (e.g., Farina et al. 2017; Mazzucchelli et al. 2019) .
Fortunately, complementary to optical and near-infrared imaging, we can study the quasars in the millimeter regime. In particular, the fine-structure line of singly ionized carbon at 157.7µm ([C II]) has been used extensively to study the interstellar medium (ISM) of high-redshift objects (e.g., Carilli & Walter 2013 ). In Decarli et al. (2018) , the [C II] emission line was used to study a sample of 27 z > 6 quasars using the Atacama Large Millimeter/submillimeter Array (ALMA). This program, aimed at characterizing the [C II] emission line of high redshift quasars using short (≈8 min on-source), ∼1 -resolution ALMA observations, revealed that at least 4 out of 27 quasar fields contained a bright [C II]-emitting companion ). This fraction is well-above what is expected from number counts of [C II] emitters, but is consistent with expectations, if galaxy clustering is taken into account.
Similar companion galaxies have also been found around z ∼ 5 redshift quasars (Trakhtenbrot et al. 2017) , and more generally around other high redshift, rest-frame farinfrared bright sources (e.g., Omont et al. 1996; Ivison et al. 2012; Oteo et al. 2016; Riechers et al. 2017; Marrone et al. 2018) . Moreover, deeper, higher resolution observations will likely reveal even more companion galaxies. However, these brightest [C II] companion galaxies near z > 6 quasars are remarkable, as their [C II] characteristics are comparable to those of the quasar host galaxies. This results in similar physical properties for both the quasar host and these companion galaxies. Their close separation (<65 kpc) further indicates that these galaxy pairs are interacting or will interact in the future, suggesting that they are the precursors of z 3, massive, quiescent galaxies.
Facilitated by the strength of the [C II] line, we have obtained ≈0.35 resolution [C II] observations of five, [C II]-bright, z > 6 quasar host -companion galaxy pairs. These higher resolution observations (∼10× smaller beam area) resolve the [C II] emission at ≈2 kpc scales at the redshift of the galaxies, yielding detailed information on the structure and kinematics of the ISM in these galaxies. In addition, these observations allow us to study the gas interactions between the quasar host and companion galaxy for galaxy pairs at different angular separation, and allow us to determine if the accreting supermassive black holes in the quasar host galaxies alter the observed far-infrared properties of their host galaxies. Throughout this paper we assume a standard, flat, Λ-CDM concordance cosmology with Ω λ = 0.7 and H 0 = 70 km s −1 Mpc −1 .
OBSERVATIONS AND DATA REDUCTION
The five quasar fields discussed in this paper were observed with ALMA in Cycle 4 and 5 (proposal IDs: 2016.1.00544.S, 2017.1.01301.S). Four of these companion galaxies were previously known Willott et al. 2017 ). The remaining system (J1306+0356) was previously identified as a spatially-resolved source (Decarli et al. 2018) , but the higher resolution data clearly separates the [C II] emission into two distinct sources. We note that we selected these five quasar-companion galaxy pairs from the larger quasar sample solely by the [C II] emission strength of both the quasar host and the companion, in order to efficiently study these pairs in reasonable observing times. It is very likely that the other quasars have companion galaxies, which are either much fainter or closer ( 1 ) to the quasar.
For the frequency setup, one of the spectral windows was tuned to contain both the [C II] emission of the quasar host and the companion galaxy, except for J2100−1715 in which two adjoining spectral windows were centered on the [C II] line. The remaining bands were set up to detect far-infrared (FIR) continuum emission from the field. The observations were performed in array configurations with median baselines of ≈210 m for J0842+1218 and PJ167−13, and median baselines of ≈340 m for the remaining three fields. Total exposure times and array setups are given in Table 1. The observations were initially processed using the ALMA pipeline, which is part of the Common Astronomy Software Application package (CASA; McMullin et al. 2007 ). The calibrated data were then combined with the previous short (≈8 min) compact array observations (PID: 2015.1.01115.S), although we note that this only marginally changed the sensitivity of the observations. Minor additional flagging of several atmospheric lines was done on the combined data set. For the quasar field toward PJ231−20, the continuum flux of the quasar was bright enough to perform several rounds of phase-only self-calibration. All this was done using standard routines available in CASA. The continuum images were created using natural weighting with tclean from those channels that showed no significant line emission. To create the spectral line cubes, we subtracted the continuum in the uv-plane using the uvcontsub routine. The spectral window(s) that contains both the [C II] emission from the quasar host as well as the companion galaxy was then spectrally averaged over 16 channels (≈31 MHz or ≈35 km s −1 ), and imaged using natural weighting with tclean. Resolution and root-mean-square (RMS) sensitivities for the resulting images are tabulated in Table 1 .
We note that we also imaged the data with a robust weighting scheme with a Briggs parameter of 0.5. However, for the final analysis, we opted for the increased signal-to-noise of the natural weighting scheme compared to slightly better resolution of the robust weighting scheme. This choice does not affect the analysis presented in this paper.
NOTES ON INDIVIDUAL SOURCES
In this section we provide a detailed description of the individual sources. For each source, the [C II] spectra is shown in Figure 1 , whereas the continuum, integrated [C II] line, velocity and velocity dispersion maps of all of the sources are shown in Figure 2 . Larger images of the individual sources are given in Appendix A, while channel maps of all of the individual sources are given in Appendix B. Finally, the observed far-infrared properties of the sources are given in Table 2, and the derived properties from these observations are tabulated in Table 3 .
The observed and derived properties are obtained as follows. The position on the sky (R.A. and Dec.), as well as the area of the emission, are obtained from fitting a 2D-Gaussian to both the [C II] and dust continuum emission using the task imfit in CASA. These positions were then used to measure the impact parameters between the quasars host and companion galaxies. The continuum and [C II] flux densities were estimated from a 1. 5 diameter region centered on the emission. This size was chosen because the lower resolution data showed no significant emission beyond this region. The redshift and full width at half maximum (FWHM) of the [C II] line are derived from a Gaussian fit to the spectrum derived from this region.
The [C II] luminosities are derived from the [C II] fluxes using standard equations (e.g. Solomon et al. 1997; Carilli & Walter 2013) . The total infrared luminosity, L TIR , was estimated from the continuum flux measurement by fitting a modified black-body spectrum to the data (see e.g., Venemans et al. 2016) . We vary the dust temperature (T d = 30 − 50 K) and spectral index (β = 1.2 − 2.0) of the modified black-body spectrum as these quantities are unconstraint by the single data point. The resultant range of total infrared luminosities are given in Table 3 . SFRs are estimated using two approaches. First, using the relationship between SFR and [C II] luminosity (De Looze et al. 2014; Herrera-Camus et al. 2015) , where the quoted range in SFR includes a 0.5 dex uncertainty arising from the scatter around this relationship. Second, using the conversion between SFR and dust continuum measurement / total infrared luminosity (e.g., Kennicutt & Evans 2012) . Finally the dynamical masses are estimated using the [C II] FWHM measurement as a proxy for the cir- NOTEa Quasar hosts are appended by a Q after the short name given in Decarli et al. (2018) , whereas companion galaxies are appended by a C. For those fields with a second companion galaxy, the galaxy name is appended with C2. h No uncertainties are given for the size estimates as these estimates could be off by as much as a factor of 2 (see Section 4.2).
i Source is unresolved. j 2σ upper limit. (De Looze et al. 2014) .
f SFR determined from the dust continuum / total infrared luminosity (Kennicutt & Evans 2012 Flux density (mJy) Figure 1 . Continuum-subtracted spectra of the [C II] line from the quasar host and companion galaxies extracted from a 1. 5 aperture centered on the emission. The name of the quasar is shown in the top right of each panel, the quasar host (top panel) and companion galaxy (second panel from top) are marked by a 'Q' and 'C' , respectively. For those two fields (J0842+1218 and PJ231−20) that show a second [C II] companion galaxy, 'C2', the bottom panels display the spectrum of these emitters. A Gaussian fit for each emitter is shows as well (solid maroon line). For quasars PJ167−13 and J1306+0356, previous observations were unable to resolve both components separately, therefore also the total [C II] flux is shown in the bottom panel. The yellow line in these figures is the sum of the two Gaussian fits from the quasar host and companion galaxy. The excellent fit of these lines to the data obviates the need for any additional emission components. cular velocity, and from modeling the [C II] emission, both methods are described in detail in Section 4.4.
J0842+1218
From the initial observations discussed in Decarli et al. (2017) , we know that quasar J0842+1218 has a bright [C II]-emitting companion galaxy 47 kpc northwest of the position of the quasar. The higher resolution [C II] observations detect both the quasar host and this companion galaxy at high significance. The [C II] spectrum for both sources are shown in Figure 1A . The integrated [C II] flux densities of 1.40 ± 0.14 and 1.80 ± 0.24 Jy km s −1 and redshifts of z = 6.0760 and z = 6.0656 for the quasar host and companion galaxy, respectively, are fully consistent with the previous observations (Decarli et al. , 2018 . Even in these deeper observations, we see little evidence for any deviation from a Gaussian profile, both the [C II] spectrum of the quasar host and companion galaxy can be accurately modeled by a single Gaussian fit. However, the deeper observations do reveal an additional [C II] emitter southeast of the quasar at an impact parameter of 5. 4 (31 kpc). The integrated [C II] flux density of this emitter is 0.41 ± 0.09 Jy km s −1 and is offset in velocity by −480 km s −1 compared to the quasar host galaxy. This is similar to the velocity offset of the brighter companion galaxy (−460 km s −1 ). The 260 GHz continuum image for the field surrounding quasar J0842+1218 yields a dust continuum flux density for the quasar host galaxy of 0.72±0.06 mJy, consistent with the flux measurement from the previous observations. The emission is marginally resolved at this resolution. Using imfit in CASA, we measure the extent of the continuum emission, after deconvolution with the beam, as (0. 28 × 0. 16). We note that since this routine fits a 2D Gaussian to the emission, the size might not capture low-level non-Gaussian extended emission. This is discussed in detail in Section 4.2. These deeper observations further yield a 0.23 ± 0.05 mJy (4.6σ) detection of the continuum of the companion galaxy. However, this faint emission remains unresolved in these observations. The second, weaker [C II] companion remains undetected in the continuum image.
From the continuum-subtracted, integrated [C II] flux density (second column in Fig. 2 ), we can measure the extent of the [C II] emission. As with the continuum emission, the [C II] line remains very compact with marginally resolved sizes of (0. 57 × 0. 37) and (0. 48 × 0. 30) for the quasar host and companion galaxy, respectively. This corresponds to physical sizes of ≈3 kpc at the redshift of the galaxies. The fainter, second companion is not resolved in these images. Although the extent of the [C II] emission between quasar host and companion galaxy is similar, when we generate velocity and velocity dispersion maps of the [C II] emission (third and fourth columns of Fig. 2 ), the companion galaxy shows a velocity gradient along an axis with a position angle of 197 ± 8
• east of north (see Sec. 4.4). Such a velocity gradient could be an indication of rotation. However, the marginally resolved observations cannot rule out other scenarios, such as two merging clumps, which would give a similar velocity gradient. No velocity gradient is seen in the quasar host galaxy.
PJ167−13
The discovery [C II] spectra of quasar PJ167−13 showed no conclusive evidence for a companion in the field (Decarli et al. 2018 ). However, deeper and better resolution (≈0.7 ) observations of the quasar revealed a clear excess of [C II] and dust emission 0. 92 southeast of the quasar (Willott et al. 2017 ). This emission was attributed to a close companion at a separation of only 5 kpc from the quasar host galaxy. This companion source remains the only source of our sample that has been detected in the optical/near-infrared (Mazzucchelli et al. 2019) . Our higher resolution data confirms the existence of a distinct [C II] and dust continuum emitter at this position. By extracting [C II] spectra for both the quasar host and the companion galaxy, individually, we find that both spectra are accurately described by a Gaussian profile (Fig. 1B) . Unlike the results in Willott et al. (2017) , the addition of the flux from both the quasar host and the companion galaxy results in an accurate fit of the total flux of the complex (yellow line in Fig. 1B ). No additional source of emission is needed. The discrepancy between the two results is due to the slightly higher redshift determination of the companion galaxy in this work (−140 km s −1 , instead of −270 km s −1 relative to the peak [C II] emission from the quasar host). This more accurate redshift determination was enabled by the improved spatial separation between the sources.
The dust continuum and [C II] integrated flux map for PJ167−13 show that the companion galaxy can be clearly distinguished as a separate density peak (Fig. 2 ). There is also evidence for significant emission arising from gas that lies between the quasar host and companion galaxy. This gas has a mean velocity between the systemic velocity of the quasar host and companion galaxies, resulting in a smooth velocity gradient for the quasar host -companion galaxy pair. This indicates that the excess gas is smoothly distributed between the two galaxies, likely the result of tidal interactions between the two interacting galaxies. The high velocity dispersion throughout the system indicates the emitting gas is turbulent, which is expected for gas inside a merging system.
J1306+0356
Previous ∼1 [C II] observations of the host galaxy of quasar J1306+0356 revealed that the [C II] emission is extended over a 1. 43 × 0. 74 region (Decarli et al. 2018 ). The origin corresponds to the position of the quasar which is marked by a 'Q', whereas the companion galaxy is labeled with a 'C' and is shown in insets for the two galaxy pairs with the furthest angular separation (J0842+1218 and J2100−1715). The mean velocity field is relative to the redshift of the quasar (see Table 2 ), except for the insets, where the zero velocity corresponds to the redshift of the companion galaxy in order to highlight the velocity structure of the companion. In all panels, the ALMA beam is plotted in the bottom left. Contours start at 3σ and increase by powers of √ 2, negative contours are dashed. Enlarged versions of each individual galaxy pair are given in Appendix A, which also shows and inset for the second companion galaxy of J0842+1218.
No significant velocity gradient was evident in these observations. The current higher resolution observations reveal that the [C II] emission arises from two spatially and spectrally distinct sources with a physical separation of 5.4 kpc and velocity separation of 60 km s −1 . Both [C II] emission features can be accurately described by a Gaussian fit (Fig. 1C) . We interpret this emission as arising from two distinct galaxies with integrated fluxes of 1.80 ± 0.15 and 0.86 ± 0.11 Jy km s −1 for the quasar host and companion galaxy, respectively. Both sources are also detected in the 263 GHz continuum observations (0.92 ± 0.09 and 0.30 ± 0.09 mJy). As with PJ167−13, excess gas is observed between the companion and quasar host, suggesting that these galaxies are actively interacting.
The [C II] emission from both galaxies appears compact, with deconvolved sizes for the quasar host and companion galaxy of 0. 56 × 0. 42 and 0. 64 × 0. 49, respectively. In addition, the velocity field of the two galaxies suggests little coherent motion in either source, although the companion galaxy shows a possible velocity gradient along the northeast to south-west direction. The excess gas between the galaxies has a velocity that is most similar to the companion galaxy, suggestive of a gaseous tidal feature associated with the companion galaxy due to an interaction with the quasar host. Velocity dispersions in the quasar host and companion galaxy are similar.
PJ231−20
The [C II] discovery spectra taken of the field surrounding PJ231−20 revealed a strong [C II] emitter at 9.1 kpc distance from the quasar host. The new observations yield continuum and integrated line fluxes that are consistent with the results previously obtained (Decarli et al. 2018) . In addition to these two sources, the deeper observations reveal an additional, weaker, [C II] emitter 14 kpc south-southeast of the quasar, 6 kpc from the companion galaxy. It has an integrated flux of 0.26 ± 0.07 Jy km s −1 , and is redshifted by 400 km s −1 compared to the redshift of the quasar host. A slight continuum excess is also seen at this position, resulting in a far-infrared continuum flux measurement for this source of 0.19 ± 0.04 mJy (Fig. 1D) .
The continuum emission, integrated [C II] flux, velocity and velocity dispersion maps of this galaxy pair are shown in the fourth row of Figure 2 . Unlike the lower resolution data, the emission from the quasar host and companion galaxies are clearly separated into two distinct sources without significant overlap. A Gaussian 2D fit to the data reveals that the emission from both sources is compact. However, faint, much more extended, emission surrounds both sources. This suggests some gas has already been stripped from the galaxy due to gravitational interactions. It is therefore very likely that these galaxies are in the beginning stages of actively interacting with each other. In this scenario, the second [C II] emitter east of the companion galaxy could be dense gas stripped from the companion by tidal forces.
In addition to the similar velocity fields, we also see little difference between the extent of the continuum and/or [C II] line emission between quasar host and companion galaxy. Both objects have roughly equal sizes (see Section 4.2), providing no obvious clues why one of the galaxies hosts an unobscured quasar and the other does not.
J2100−1715
The largest separation quasar host -companion galaxy pair of the sample, the quasar host of quasar J2100−1715 and its companion galaxy have a separation of 10.8 (61 kpc). As Figure 1E shows, both the quasar host and the companion galaxy are bright, with fluxes of 2.26 ± 0.22 and 4.15 ± 0.52 Jy km s −1 , respectively. These fluxes are consistent with the previous observations after taking into account the extent of the emission (Decarli et al. 2018) . The [C II] spectra of the companion galaxy is the only spectrum in our sample that shows a deviation from a Gaussian profile, the emission is flattened compared to the best-fit Gaussian shown in Figure 1E . We also confirm the detection of the continuum emission for both sources, which have fluxes of 0.88 ± 0.09 and 2.25 ± 0.21 mJy.
In addition to the non-Gaussian [C II] profile, the companion galaxy shows a strong velocity gradient along an axis with a position angle of 13
• . This is in contrast with the quasar host galaxy, which shows little ordered motion. The non-Gaussianity of the companion galaxy's [C II] profile is likely driven by this strong velocity gradient. Such a velocity gradient is consistent with the [C II] emission arising from gas rotating in a disk. This is further corroborated by the elongated extent of the [C II] emission (0. 66 × 0. 31) and the kinematic modeling (Sec. 4.4). However, the resolution is insufficient to rule out other possible scenarios. The [C II] emission and dust continuum extent of the quasar host are similar to the companion galaxy, both are listed in Table 2. 4. ANALYSIS
Emission Surrounding Interacting Systems
Galaxies that are interacting are expected to show gas distributions that are more extended and perturbed due to tidal forces during the encounter. This is seen at low redshift in abundance, and has also been observed at high redshift in dust continuum (Díaz-Santos et al. 2018 ). In the two closestseparation quasar host -companion galaxy pairs discussed in this manuscript, a clear excess of gas, which is detected both in continuum and in [C II] emission, can be seen connecting both galaxies (Fig. 2 second and Figure 3 . Position-velocity (p-v) diagrams of the three closest quasar host -companion galaxy pairs. These p-v diagrams were generated from the line that intersects the centers of both galaxies. In all panels the companion galaxies are to the left of the quasar host. Outer contours are at 2σ and increase by powers of √ 2 (negative contours dashed). The size of the ALMA synthesized beam is displayed by a black horizontal bar in the bottom right corner. The left two galaxy pairs show evidence of [C II] emitting gas connecting the two galaxies. This gas is also seen in dust continuum emission.
the galaxies and in the immediate environs. To highlight the gas between the galaxies, we generate a position-velocity (pv) diagram that is oriented such that it intersects both galaxies for these three galaxy pairs in Figure 3 .
This figure shows that the gas connecting the host of QSO PJ167−13 and its companion galaxy in projection, also shows a smooth velocity gradient from one galaxy to the other. This is reminiscent of the smooth velocity gradient of the nearby galaxy merger between M81 and M82 (e.g., de Blok et al. 2018) . The emission between the galaxy pair toward J1306+0356 is more tenuous, and seems to have a kinematic profile that is more consistent with the companion galaxy than the quasar host. For PJ231−20, no direct gas connection is detected. However, both the quasar host and companion galaxies show perturbed gas distributions that are both more extended (see Section 4.2) and irregular compared to the gas distributions of the galaxies forming the two wide separation pairs. This suggests gravity has already perturbed the gas distribution in this galaxy pair.
Size Estimates and Extent of Emission
The size estimates in Table 2 are based on the assumption that the emission can be accurately described by a 2D Gaussian. For resolved observations of objects with non-Gaussian surface brightness profiles, this might not be a valid assumption. If, for instance, there exists low-level extended emission around a compact bright source, the fitting routine might not accurately describe the extent of the low-level emission as the fit is dominated by the compact source. To ascertain if such low-level flux exists in these resolved observations, we fit a 2D Gaussian to the total emission for each of our sources. We then compare the area of the emission for this 2D Gaussian (A Gauss ) to the area of the observed emission (A obs ) for a range of different flux values. Here, both areas areas remain convolved with the ALMA beam. The results are plotted in Figure 4 . If the shape of the emission was a pure 2D Gaussian, each line would have a constant value of 1 independent of the flux cut.
We can see that for the strongest emission of the continuum flux density (flux cuts > 0.1 mJy) the ratio of the Gaussian size to the observed size is ∼ 1. This implies that this emission must come from a compact source that can be accurately described by a 2D Gaussian. However at lower continuum flux cuts, the emission is more extended than what is predicted from a Gaussian shape. This deviation from a Gaussian shape could be caused by calibration issues, or it could be actual low-level emission that is not modeled by the Gaussian fitting routine. As the largest deviations occur for PJ231−20, two close, interacting galaxies, we posit that, at least for this system, the low-level emission arises from more extended gas, and the size/area estimates from the Gaussian routine could be off by as much as a factor of two.
The same analysis can be done on the integrated [C II] line emission map. The results are shown in Figure 4B . Again the two largest deviators in the plot are the quasar host and companion galaxy of PJ231−20, indicative of low-level [C II] emission from gas on more extended scales around these galaxies. The remaining systems show observed sizes that are roughly consistent with the Gaussian estimates, although with substantial scatter. This suggests that, unlike the continuum observations, the emission is less centrally concentrated and the Gaussian fit fully captures the extended [C II] emission. Indeed, for some emitters -such as the quasar host galaxy of PJ167−13-the Gaussian sizes are actually larger than the observed sizes, suggesting that these emitters have a surface brightness profile which is flatter than a 2D Gaussian. Deviations from unity imply that the 2D gaussian fit is not accurately describing the observed flux. Lines for both the quasar host (solid lines) and companion galaxies (dotted lines) start at the 3σ flux cut for that object, and increase in steps of 3σ. The largest deviation from unity occurs for small flux cuts surrounding the quasar host and companion galaxy of PJ231−20. This is an indication that these galaxies have faint extended emission that is not recovered by the 2D Gaussian fitting routine. The smaller-than-unity ratio in the integrated [C II] flux for the quasar host of PJ167−13 suggests this galaxy's [C II] profile is flatter than a 2D Gaussian, which is likely the result of the gravitational interaction with its nearby companion galaxy.
[CII] Deficit
A well-known property of both low and high redshift galaxies, is the decrease in [C II] to total infrared (TIR) luminosity as the TIR luminosity of the galaxy increases. The cause for this deficit in [C II] luminosity for more TIRluminous systems is still debated. One possibility is that the TIR luminosity is enhanced in TIR-luminous galaxies, because of an increased UV radiation field, either due to the presence of an active galactic nucleus or due to increased star formation (Malhotra et al. 1997) . Other possibilities suggest that [C II] emission is suppressed in TIR-luminous systems, either because of dust absorption of the [C II] line (Riechers et al. 2013 (Riechers et al. , 2014 , or because of intrinsic properties of the gas responsible for the [C II] emission (Muñoz & Oh 2016; Narayanan & Krumholz 2017) . Observationally, galaxies hosting an active galactic nucleus (AGN) or are actively interacting have the highest [C II] deficits (e.g., Sargsyan et al. 2012; Carilli & Walter 2013; Farrah et al. 2013 ). Apportioning our sample by type and impact parameter, allows us to see if these observational trends hold for our current sample as well. In addition, we can observe for a spatial variation in the [C II] deficit for the individual sources, as most sources are resolved. (Figure 6) . The yellow symbols mark the values for the central pixel of each source. If quasars (i.e., AGNs) are the dominant cause of the [C II] deficit, we would expect to see a difference between the quasar host and companion galaxies. However, the central pixels for both quasars host and companion galaxies show remarkable agreement with a compilation of [C II] deficit measurements from local infrared-bright galaxies (LIRGs; Díaz-Santos et al. 2017) . Unless all of the companion galaxies host an obscured AGN, which we consider unlikely (see Sec. 4.5), the presence of an AGN in the quasar host galaxies does not add to the [C II] deficit. Similarly, we find no evidence for a decreased L [CII] /L TIR in actively interacting galaxy pairs. Although the scatter in L [CII] /L TIR does seem to increase in these systems, the average is comparable to the average of the large impact parameter galaxy pairs. Figure 5 further shows that the [C II] deficit is relatively constant within the inner part of the galaxies. This is similar to the spatially-resolved mergers observed at high redshift (e.g., Neri et al. 2014; Litke et al. 2019; Rybak et al. 2019 TIR emission arises from a compact source, which is consistent with the result in section 4.2. For nearly all galaxies the [C II] deficit gets smaller toward the edges of the galaxy. However as Figure 6 shows, the outer edges still follow the global trend of larger [C II] deficits for increasing TIR luminosity surface densities. The offset between the central and outer parts of the galaxies in this trend could be due to varying physical conditions within these regions, which would corroborate the assertion that L [CII] /L TIR is set by local ISM conditions (Muñoz & Oh 2016; Smith et al. 2017; Gullberg et al. 2018; Herrera-Camus et al. 2018) . We note two important caveats to these results: i) These results hold at the resolution of the observations. Any variations in L [CII] /L TIR at sub-kpc scale is not resolved by these observations (see e.g., Venemans et al. 2019) . ii) To calculate the TIR luminosity, we assume that the physical conditions of the gas do not vary across the galaxy and are equal to the fiducial values (see Section 3). This is likely an oversimplification on small scales.
Constraints on Dynamical Mass
Several estimators are used in the literature to obtain the dynamical mass of galaxies with unresolved or marginally resolved far-infrared lines. Under the assumption that the gas is rotationally supported, the enclosed mass (in M ) within an emission region is M dyn = 1.16 × 10 5 v 2 circ D (e.g., Walter et al. 2003; Wang et al. 2013) . Here, D is the size (diameter) of the emission in kpc and v circ is the circular velocity in km s −1 . The circular velocity estimate relies on an additional assumption on the kinematics and distribution of the gas. If the gas is virialized but shows non-ordered, dispersion-dominated motion, then v circ is best characterized by the velocity dispersion (σ v ) of the gas ( 3/2σ v ; e.g., Decarli et al. 2018) . However, if the gas shows order motion, then the full width at half maximum (FWHM) of the [C II] line can be used as a proxy for the velocity of the system: v circ = 0.75 × FWHM [CII] / sin i, where the inclination is often taken to be 55
• (e.g., Wang et al. 2013; Decarli et al. 2018) . The range of dynamical mass estimates inferred from applying these two methods are given in Table 3 .
The higher resolution of the observations presented here allows us to better constrain the dynamical properties of the gas. To accomplish this, we use a custom, python-based code which fits the three-dimensional data cube to a model data cube generated from a user-defined model. The code generates a model data cube with the same spectral and spatial resolution as the data from the user-defined model. It then convolves this data cube with the ALMA synthesized beam, which is compared with the observed data cube using a simple χ 2 statistic. To account for the large spatial correlation between adjacent pixels, the comparison is done using a bootstrap method. Finally, the full parameter space is sampled through a Markov Chain Monte Carlo method by employing the emcee package (Foreman-Mackey et al. 2013) . In this paper, we model the emission with two different models, one in which the [C II] emission is due to a purely dispersion-dominated gas, and one in which the [C II] is emitted from gas in a thin disk with constant circular velocity and constant velocity dispersion. Both models assume that the intensity of the [C II] line can be modeled by an exponential function, and are describe in more detail in Appendix C. Results from the fitting procedure are shown in Table 4 .
From this analysis, we conclude that three of the companion galaxies (J0842+1218, PJ231−20 and J2100−1715) and one quasar host galaxy (PJ167−13) have [C II] emission that is consistent with arising from a rotating disk. However, in nearly all cases the emission is highly turbulent, with dispersion velocities roughly equal to the circular velocities. This could indicate that the assumed constant velocity profile is incorrect, because the [C II] emission is still probing the rising part of the rotation curve (de Blok & Walter 2014) . To assess how this affects the circular velocity estimate, we also run a model where the velocity is described by a linearly increasing function. We find that for this model the resulting circular velocity estimates at the maximal extent of the emission are similar to the previous estimates. Therefore the choice of velocity profile does not significantly affect the results of the fitting. For the remaining objects, either the circular velocity must be substantially smaller than the dispersion (e.g., the quasar host galaxy towards PJ231−20), and/or the inclination of the galaxies is small.
The large velocity dispersion estimates provide an explanation for the remarkable near-Gaussian shape of the total integrated [C II] flux spectra (see Fig. 1 and Decarli et al. 2018) . Even for clearly distinct [C II] emitters (i.e., PJ167−13 and J1306+0356), the combined [C II] spectrum of the two sources remains nearly Gaussian, since the large velocity dispersion, compared to the small offset in central frequency, hinders spectral separation. The high velocity dispersions could be caused by turbulent ISM conditions (e.g., De Breuck et al. 2014 ), but could also be the result of sampling the [C II] emission from the rising part of the rotation curve (de Blok & Walter 2014) . In either case, these velocity dispersions are comparable to the velocity dispersions found for z ∼ 2 compact star-forming galaxies (Barro et al. 2014 ). An important caveat to these results is that velocity structures on sub-kpc scales, below the resolution of the observations, are smoothed out, causing an increase in the velocity dispersion. In addition, the resolution is insufficient to rule out other possible scenarios, such as merging clumps.
To estimate the dynamical mass for the four systems that have a kinematic signature consistent with a rotating disk, we take the circular velocity estimate from the model, and add in quadrature 3/2 times the velocity dispersion estimate. This accounts for part of the velocity dispersion arising from the simplified assumption that the gas is constrained to a thin disk. For the remaining systems, we approximate the circular velocity by 3/2 times the velocity dispersion as given by dispersion-dominated model. This will give a lower limit to the dynamical mass. The dynamical masses for all systems range between (0.3 − >5.4) × 10 10 M (Table 3 ). The dynamical mass estimates obtained through kinematic modeling are in rough agreement with the estimates obtained using the [C II] line profile. For the two systems with well constrained dynamical mass estimates (PJ167−13Q and J2100−1715C), the kinematics modeling estimates are on the lower end of the dynamical range estimate obtained from the [C II] line profile. This is due to the the large velocity dispersion in these systems, which widens the line profile. Thus, for systems with large velocity dispersions, using the FWHM of the [C II] line as a proxy for the circular velocity could overestimate their dynamical mass estimate. Finally we note that standard practice has been to assume an inclination angle of 55
• for quasar host galaxies (Wang et al. 2013; Willott et al. 2015; Decarli et al. 2018) . We can rule out this inclination for four out of the six quasar hosts, and derive a mean inclination of <39
• .
QSO Host and Companion Galaxy Comparison
One of the primary aims of this study is to compare the far-infrared properties of the quasar host galaxies to the farinfrared properties of the brightest companion host galaxies in order to examine the effect, if any, the central accreting supermassive black hole has on these properties. As shown in the previous sections, we find no evidence that the quasar affects the strength or extent of either the [C II] or continuum emission. In addition, the L [CII] /L TIR ratio of both galaxy populations is similar (Fig. 6 ). These observations therefore corroborate the assertion that the central accreting supermassive black holes in quasars do not significantly alter the observed [C II] and dust continuum emission, instead this emission originates predominantly from heating of the ISM by stars (e.g., Venemans et al. 2017) . This is in agreement with the [O III] 88 µm observations of one of the galaxy pairs (J2100−1715), which revealed little difference in the far-infrared emission properties of the ionized gas .
A possible caveat to this result is that the companion galaxies could host an obscured AGN. If some fraction of companion galaxies host an obscured AGN which significantly alter their far-infrared properties, we would expect to see a bimodal distribution within the companion galaxies' farinfrared properties. The lack of such a bimodality implies that either none or all of the companion galaxies host an obscured AGN. If we assume the latter and assume an AGN obscuration factor of ∼50% (Merloni et al. 2014) , then the likelihood of not detecting any quasar-quasar pairs (i.e., where both AGNs are optically unobscured) is 3%. Formally this is an upper limit, as no close quasar-quasar pairs are known at z > 6, whereas several non-quasar host, far-infrared luminous galaxy pairs are known at high redshift (Oteo et al. 2016; Riechers et al. 2017; Marrone et al. 2018) . We therefore disfavor this scenario, and conclude that quasars do not significantly alter the [C II] and far-infrared continuum emission measurements of high redshift galaxies.
In these resolved [C II] observations, there is a possible hint that the kinematics or orientation of the companion hosts are slightly different, as three out of five companion galaxies show signs of rotation, compared to only one out of five quasar host galaxies. One possible explanation for such a difference is that the gas kinematics in the quasar hosts are more disturbed due to previous mergers unrelated to the current merger. In this scenario, the quasar hosts are still in a post-merger state characterized by perturbed gas kinematics, whereas the companion galaxies have not experienced a recent merger, and show more ordered rotation. Another possibility is that we are preferentially observing the quasar host galaxies face-on, thereby minimizing any velocity gradient caused by rotation. Such an orientation is at least consistent with the observation of a bright luminous quasar in a dusty galaxy. However, the sample remains too small to confirm potential differences of this magnitude in the kinematics of the gas.
SUMMARY AND CONCLUSIONS
One of the most surprising results from the [C II] emission study of z > 6 quasars has been the high rate of strong [C II] emitting companion sources surrounding these quasars. Of the 27 quasars targeted in [C II] four show clear evidence of a distinct companion source (Decarli et al. , 2018 . Higher resolution observations reveal that two additional quasars, previously identified as being 'extended', have a nearby companion galaxy (Willott et al. 2017 , and this work). These [C II]-bright companion galaxies have farinfrared properties similar to the quasar hosts, but lack an extremely luminous AGN at its center. This paper discusses resolved (≈0. 35; ≈2 kpc) [C II] observations of five out of the six systems, while the quasar host companion galaxy pair toward PJ308−21 is discussed in Decarli et al. (2019) . The results are:
• All ten sources (i.e., five quasar-host/companion pairs) are detected in both [C II] emission and continuum emission. These measurements are within the uncertainties consistent with the lower resolution data (Decarli et al. , 2018 in which not all sources were detected in continuum. The companion galaxies are bright in the far-infrared with roughly similar luminosities as the quasar host. However, both the quasar hosts and companion galaxies show a large range in observed fluxes and resulting luminosities (Table 2 ).
• The two closest-separation quasars (PJ167−13 and J1306+0356) show [C II] and dust continuum emission that connects both galaxies. Such a bridge of gas has been seen recently in the dust continuum of a high redshift dusty galaxy (Díaz-Santos et al. 2018) . Using the velocity information of the [C II] emission, we determine that the gas in PJ167−13 is directly linking the two galaxies, whereas the gas bridge in J1306+0356 is more closely linked to the companion host galaxy.
• No discernible difference is found in the extent of the emission (both [C II] and far-infrared continuum) between the quasar host and companion galaxies. In addition, size does not seem to correlate with strength of emission. Even in these higher resolution observations, the [C II] and far-infrared continuum emission remains very compact with typical sizes 3 kpc. The notable exception is the field surrounding PJ231−20 which shows significant extended [C II] emission, including a third [C II] emitter 6 kpc from the companion galaxy. We find that a standard 2D Gaussian fit of this source underestimates the true size of the emission by a factor of two. We interpret this faint emission as tidal debris from the gravitational interaction between the two interacting galaxies.
• Both companion host galaxies and quasar host galaxies have [C II] deficits consistent with the results from studies of local ULIRGs (Díaz-Santos et al. 2017) .
Comparing the spatial distribution of the [C II] deficit for each galaxy shows that the [C II] deficit rises at the edges of the emission. This is due to the smaller size of the dust continuum emission compared to the [C II] emission. However, the majority of galaxies have a near-constant [C II] deficit across most of the observed emission region.
• Kinematic modeling shows that four galaxies (three companion galaxies and one quasar host galaxy) show [C II] emission that is consistent with arising from a disk. The remaining galaxies have kinematic properties that suggest either a face-on geometry or a dispersion-dominated velocity profile. The higher fraction of disk-like emission in companion galaxies could be an indicator that we are preferentially seeing the quasar host galaxies face-on. For all sources we estimate a dynamical mass from the kinematic modeling, which ranges between 7 × 10 9 and >9 × 10 10 M .
All these results imply that even though the [C II] emitting gas is relatively compact (<5 kpc) and surrounds the luminous quasar, the quasar does not contribute significantly to either the strength of the [C II] line, or is kinematically altering the gas. Although companion galaxies appear to show more ordered gas motion (three out of five galaxies), the current sample remains too small to make a definitive statement. The similarity in extent and dynamical characteristics corroborates previous assertions that the quasar does not contribute significantly to the [C II] and dust continuum emission . It therefore remains unclear from these observations what differentiates the quasar host galaxies from the companion galaxies in order for them to host a luminous quasar. Facilitated by the compact [C II] emission, further higher resolution [C II] observations of these systems, could provide an answer through a detailed look at the sub-kpc motion of the ISM in the centers of these systems. 
